To investigate the effects of supplemental oxygen on cardiac rhythm during gastroscopy, 103 patients aged over 60 were randomised to receive either supplemental oxygen or air at 2 litres/minute during the procedure. Pulse rate, blood pressure, oxygen saturation, and a Holter cardiac trace were monitored before, during, and for one hour after the gastroscopy. A wide range of electrocardiographic abnormalities were recorded in both oxygen and air groups, of which ventricular and supraventricular ectopic beats were the most common. There were no significant differences in the rate ofoccurrence of any clinically important cardiac abnormality either between the oxygen and air groups or between the three monitored periods before, during, and after gastroscopy. There were significantly fewer patients, however, with supraventricular extra systoles when oxygen was given during gastroscopy (p<O0OS). Although supplemental oxygen during gastroscopy significantly improved oxygen saturation (p<0001; 95% confidence intervals for the difference between the means: 2*9 to 4 7), there was no correlation between oxygen saturation and any electrocardiographic changes. It is concluded that electrocardiographic abnormalities are common in patients over 60, but this study found no evidence that they are induced by gastroscopy. Supplemental oxygen increases oxygen saturation but does not reduce the incidence of clinically important cardiac arrhythmias.
Upper gastrointestinal endoscopy is a comparatively safe procedure with a mortality of 1-6 in 20 000 examinations, and an incidence of serious complications of about 1 in 1000.12 Over half the morbidity and mortality is due to cardiopulmonary complications, arrhythmias being the most important.' 3 The reported incidence of arrhythmias during endoscopy varies from 3 5% to 72%,41' with hypoxia proposed as an important factor in inducing arrhythmias. '5-7 It is well established that hypoxia occurs during endoscopic procedures and that oxygen given during upper gastrointestinal endoscopy and endoscopic retrograde cholangiopancreatography (ERCP) will significantly diminish the degree of oxygen desaturation.' 8 20 There has not, however, been adequate assessment of whether improving the oxygen saturation reduces the incidence of arrhythmias. The aim of this study was to investigate the effects of supplemental oxygen both during and intestinal endoscopy.
after upper gastroSubjects and methods All patients aged over 60 years having routine upper gastrointestinal endoscopy were eligible for entry into this study. Those having emergency gastroscopy were excluded. Whenever the monitoring equipment was available patients were asked to participate in the study. One hundred and three patients were enrolled with no refusals. They were divided by random numbers into two groups, one receiving oxygen during gastroscopy and the other receiving air. Written informed consent was obtained from each patient before entry into the study, which was approved by the Parkside Health Authority Ethics Committee.
Before the procedure demographic details were obtained from the patient of age and sex, relevant cardiopulmonary history, shortness of breath according to the New York Heart Association criteria, current treatment, and history of smoking. The indication for endoscopy was noted as well as the dose of sedation, the size of endoscope, and length of procedure.
A 'Superlite' Holter monitor (MortaraCardiodata, USA) was connected about 30 minutes before gastroscopy and the cardiac recording commenced. Five minutes before the procedure a pulse oximeter (Model 7840, Konitron instruments, UK) was attached to the right index finger, and a blood pressure cuff for automated readings (Dinamap 1846SX, Critikon, UK) to the right arm. Baseline measurements of blood pressure and oxygen saturation were recorded on two occasions two minutes apart.
On arrival in the endoscopy suite nasal cannulas were attached and, according to the randomisation, either oxygen or air at 2 litres/ minute was given. The oxygen and air cylinders were covered and a three way tap attached to the nasal cannulas. An endoscopy nurse turned on the appropriate cylinder and hence kept the study blinded for the endoscopist, the research nurse, and the patient.
After two minutes a local anaesthetic spray (2% lignocaine 100 mg; Astra Pharmaceuticals, UK) was applied to the back of the throat and intravenous midazolam given to produce a similar level of sedation (usually 2 5-5 mg With reference to the available published works,'4 it was assumed that 'sinister' electrocardiographic abnormalities, as defined above, would occur in 20% of patients, and that supplemental oxygen administration would decrease this figure to 10%. On this basis to achieve a significant result at the 5% value with a power of 90% 400 patients would be required. On preliminary analysis of the first 100 Holter cardiac tapes, however, it was apparent that the incidence of these sinister abnormalities was similar between the patients receiving oxygen and those receiving air. Assuming similar proportions even a study of 5000 patients would not have shown a significant difference between the two groups. The study was therefore terminated at this stage.
STATISTICAL ANALYSIS
The primary analysis was planned to be a comparison of the numbers of subjects in the oxygen and air treated groups with arrhythmias using the X2 test. The Mann-Whitney U test was used to assess the significance of any difference between the groups in the frequency of those with arrhythmias. Secondary analyses were to include within group comparisons of arrhythmias, oxygen saturation, pulse rate, and blood pressure between the pre, per, and postgastroscopy periods, using the Wilcoxon matched pairs signed ranks test for the frequency of arrhythmias, and the Students t test for the remaining normally distributed data. Spearman's rank correlation was used to look for any relation between oxygen saturation and incidence of arrhythmias. Finally differences in oxygen saturation, pulse, and blood pressure between the two groups were assessed with the MannWhitney U test. Possible confounding patient variables, such as age, cardiopulmonary history, smoking, and variations in the endoscopic procedure were compared between the two groups using the X2 test for categorical variables and the Mann-Whitney U test for continuous variables.
Results
Between November 1990 and June 1991 103 patients were studied. The two groups, receiving either oxygen or air, showed similar baseline characteristics (Table I) .
Supplemental oxygen at two litres per minute resulted in significantly higher oxygen saturation values during upper gastrointestinal endoscopy (Fig 1) . In the group receiving oxygen there was a mean saturation of 95-4% before gastroscopy Epigastric pain/dyspepsia 24 26 Check peptic ulcer (Fig 2) . The number of patients with ventricular extrasystoles of either an 'isolated' (rate less than 1/min) or 'frequent' (rate more than 1/min) nature was similar in both groups throughout the study (Fig 3) . Although some ST segment changes were 3) , first degree heart block (oxygen group 1; air group 2), and right bundle branch block (oxygen group 1; air group 2) occurring throughout the monitoring. There were no significant differences in any of these arrhythmias between the two groups. Combining all the 'sinister' abnormalities (as defined earlier) there were no significant differences After between the oxygen and air groups at any stage of the study (Table II) .
Only six patients in the oxygen group and three in the air group showed no electrocardiographic abnormalities at any stage. In both groups more patients had a normal cardiac trace during the procedure than before or after gastroscopy. This probably reflects the shorter period of monitoring rather than any protective effect of the gastroscopy on cardiac rhythm (Table II) .
A relative tachycardia was seen during the procedure in many patients, and seemed to be a normal physiological response to the gastroscopy. The pulse rate subsequently fell to baseline values after gastroscopy in both the oxygen and air groups. Similarly the blood pressure rose during the procedure and fell to below baseline immediately afterwards, returning to baseline values by the end of the monitoring period. The rise in blood pressure in the oxygen group was significantly greater than in the air group (Table II) .
There was no significant correlation between the frequency of extrasystoles, either supraventricular (Table II) . Most arrhythmias recorded were supraventricular and isolated ventricular extrasystoles, which are of little prognostic importance. There were significantly fewer patients with supraventricular extrasystoles when oxygen was given during gastroscopy (x2=5 05; 0-01<p<0-05). Their frequency, however, when present on an extrasystole per minute basis was similar both in the oxygen and air groups, and between the three monitored periods (Fig 2) . Therefore this apparent reduction in their rate of occurrence is a reflection of the comparatively shorter period of monitoring during the procedure. Supraventricular extrasystoles occur with increasing frequency throughout life, but there is no evidence of an association with ischaemic heart disease or that their presence is of prognostic importance.27 29 There were no differences between the two groups for any sinister electrocardiographic abnormality, as defined earlier, when looked at either individually or in combination. In addition there was no correlation between the oxygen saturation and the frequency of supraventricular and ventricular extrasystoles. There was no demonstrable relation between medical history, smoking habits, age or sex and the development of arrhythmias or ST segment change in either group of patients.
This study has shown a larger proportion of electrocardiographic changes (91%) than previous studies,"'2 even though some of these included sinus tachycardia as an arrhythmia. This, defined as sinus rhythm with a rate of greater than 100 beats per minute, was present in many of our patients with or without oxygen and seems to be a normal physiological response. Many of the studies showing a low incidence of electrocardiographic abnormalities included cardiac monitoring only during the endoscopy procedure itself. In addition our study included only patients over 60 years, specifically to maximise the pick up of cardiac abnormalities. There was no evidence in this study that endoscopy induced electrocardiographic abnormalities, although to pick up significant numbers of serious arrhythmias the trial would have had to be considerably larger. Most of the electrocardiographic changes seen were clinically not important.
During this study oxygen saturation values did not fall below 86%, which is at variance with some studies,"" OO although in agreement with others.'92036 Readings were taken only at one minute intervals, and therefore saturation values may have fallen lower in between, although the automatic alarm set at 85% was never activated. More importantly, other studies have used higher doses of benzodiazepine and also given opiates before treatment, which is likely to explain the lower oxygen saturation values. It is of interest that the postgastroscopy oxygen saturation values were significantly less than baseline even 60 minutes after the procedure. This would imply that if supplemental oxygen is given its administration ought to be extended into the postgastroscopy period.
As in previous studies there was a significant difference in the oxygen saturation values between the patients receiving oxygen and those given air, but we were unable to show any correlation between oxygen saturation and electrocardiographic abnormalities. In addition, there was no relation between cardiac arrhythmias or ST segment change and age, sex, shortness of breath or cardiac history. It was therefore not possible to predict, on the basis of patient characteristics, those who would develop cardiac arrhythmias.
The endoscopy committee of the British Society of Gastroenterology recently set out guidelines for monitoring patients during endoscopy, and included the recommendation that 'high risk' patients, a definition which included the elderly, should receive supplemental oxygen.37 From our study, however, there was no evidence that supplemental oxygen led to any reduction of clinically important cardiac arrhythmias in patients over 60. Our results do not, therefore, support the BSG guidelines that supplemental oxygen should be routinely used in the elderly. This study, however, excluded other 'high risk' patients, as defined in the BSG guidelines, such as those having emergency procedures, because the study was underway before their publication. We therefore cannot comment on the use of supplemental oxygen in these patients.
In conclusion electrocardiographic abnormalities are common in patients over 60, but this study found no evidence that they are induced by gastroscopy. Supplemental oxygen increases oxygen saturation but does not reduce the incidence of clinically important cardiac arrhythmias or ST segment changes.
